A perineurioma is an uncommon neoplasm defined as a peripheral nerve sheath tumor composed exclusively of neoplastic perineurial cells, and its two main forms are intraneural and extraneural types \[[@B1]\]. Intraneural perineuriomas often cause motor or sensory deficits \[[@B2]\] and seem to be less common than extraneural ones. As intraneural perineurioma is rarely known to arise in the brachial plexus, principles of its surgical treatment have not been formulated thus far. Here, we report a rare case of surgical removal of intraneural perineurioma arising in the brachial plexus using a microsurgical interfascicular dissection technique for functional preservation. The technical feasibility and advantages of this method are discussed in this report.

A 58-year-old woman was referred for the surgical management of a right axillary mass that was incidentally noted on ultrasonography. The tumor had already been diagnosed as a spindle cell tumor from an ultrasound-guided biopsy. Spindle cell tumors are soft tissue sarcomas, which require a histopathological examination because of the limited material availability in the needle aspirates \[[@B3]\]. To rule out malignant peripheral nerve sheath tumors, we decided on the microsurgical removal of the tumor.

Under general anesthesia, the brachial plexus was approached via an infraclavicular approach. After ligation of the cephalic vein on the deltopectoral groove, the pectoralis minor muscle was divided. Below the pectoralis minor, the clavipectoral fascia was incised and the cords of the brachial plexus were inspected. The tumor originated from the sheath of the axillary nerve, which is one of the branches of the posterior cord and was found to be involved with the fascicles of the axillary nerve. It was difficult to differentiate pathologic fascicles from normal fascicles with the unaided eye ([Fig. 1](#F1){ref-type="fig"}). Interfascicular dissection was performed with microsurgical techniques under high magnification. First, we exposed the healthy proximal portion of the axillary nerve and then differentiated each fascicle via internal neurolysis. Interfascicular dissection progressed distally toward the proximal edge of the tumor. The fascicle invaded by the tumor was very soft, brittle, and pulpy; further, it was dusky brown in color. In addition, these fascicles responded poorly to electrical stimulation by a nerve stimulator, while stimulation to the preserved fascicles caused contraction of the deltoid muscle. On the basis of these findings, we differentiated pathologic lesions from the healthy fascicles and removed the tumor with the preservation of the healthy portion of the nerve fascicles ([Fig. 2](#F2){ref-type="fig"}).

The mass was 0.5 cm×1.0 cm×4.5 cm in size and was well circumscribed but unencapsulated ([Fig. 3](#F3){ref-type="fig"}). Upon histological examination, irregularly enlarged, hypercellular nerve fascicles containing spindled perineurial cells were seen arranged in pseudo-onion bulb whorls on the cross section. Upon immunohistochemical staining, endothelial membrane antigen-positive perineurial cells were seen arranged in pseudo-onion bulb whorls ([Fig. 4](#F4){ref-type="fig"}) around S100-positive Schwann cells ([Fig. 5](#F5){ref-type="fig"}). The tumor was eventually diagnosed as an intraneural perineurioma.

Intraneural perineuriomas most commonly involve the sciatic nerve or its branches, but the tumor can occur in the brachial plexus, trigeminal nerves, and the lumbosacral plexus \[[@B4]\]. Intraneural perineuriomas occur relatively rarely in the brachial plexus. Although a growing intraneural perineurioma can cause destruction of nerve fascicles and progressive loss of motor function, there has been no optimal management for this tumor because of its rare occurrence and insufficient clinical research.

In our case, it was very difficult to decide whether or not to remove the tumor because the patient had no subjective symptoms. However, we decided to remove the lesion and preserve the intact fascicles as much as possible in order to minimize neurologic complications. This was because the tumor could grow and give rise to functional deficits and a histologic examination was required to rule out malignancy. Nerve sheath tumors are usually removed *en bloc* except large tumors that necessitate excessive retraction of the surrounding fascicles to achieve an *en bloc* resection \[[@B5]\]. Intraneural perineurioma in this case could be differentiated from the intact nerve fascicles via microscopic inspection and electrical stimulation and was systematically dissected from intact fascicles along a distinct plane between the normal and the pathologic fascicles. Consequently, we could achieve *en bloc* removal of the tumor. There is only one report of excising schwannoma or neurofibroma of the peripheral nerve by interfascicular dissection \[[@B5]\], and this is the first report in which intraneural perineurioma was resected selectively by this method.

Postoperatively, the patient suffered from temporary sensory and motor deficits, which were identified as axillary neuropathy by electromyography (EMG). It was expected that axillary neuropathy occurred because the intraoperative findings suggested that the tumor was involved with the fascicles of the axillary nerve. However, we assured the patient that she would recover fully, because the intact fascicles were confirmed intraoperatively. As expected, follow-up EMG at 11 months showed marked improvement. The axillary nerve divides into anterior and posterior branches. The anterior branch supplies the anterior part of the deltoid muscle and gives off a few small cutaneous branches. The posterior branch supplies the posterior part of the deltoid muscle and the teres minor muscle along with the skin over the lower two-thirds of the posterior part of this muscle, as well as that covering the long head of the triceps brachii. In our case, the initial needle EMG study showed abnormal spontaneous activity, no motor unit action potentials in the right deltoid muscle, and slightly reduced recruitment in the right teres minor muscle. The follow-up EMG at 6 months revealed complex polyphasic motor unit action potentials with discrete recruitment in the right deltoid muscle. This indicated that the axillary neuropathy was mainly limited to the anterior branch and that the degree of injury was very mild. The EMG result coincided with the operative procedure that the intact fascicles were preserved after tumor excision. Clinically, the patient gradually recovered during the 18-month follow-up period and finally regained nearly normal shoulder function. The clinical course of this patient shows that the microsurgical removal of intraneural perineurioma in the brachial plexus is possible and can produce satisfactory results. We believe that this technique can be an effective and beneficial treatment for intraneural perineurioma arising from the brachial plexus.
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![Intraoperative findings. The tumor originated from the axillary nerve of the posterior cord.](aps-41-296-g001){#F1}

![After tumor excision, one of the fascicle groups was preserved.](aps-41-296-g002){#F2}

![The resected specimen measured about 0.5 cm×1.0 cm×4.5 cm.](aps-41-296-g003){#F3}

![Upon immunohistochemical staining, the perineurial cells (black arrow) were positive for endothelial membrane antigen (endothelial membrane antigen, ×200).](aps-41-296-g004){#F4}

![Upon immunohistochemical staining, Schwann cells (black arrow) positive for S100 were surrounded by the perineurial cells (S100, ×200).](aps-41-296-g005){#F5}
